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A cosmological scenario is proposed where the dark matter (DM) and dark energy (DE) of the 
universe are two simultaneous manifestations of an inhomogeneous dilaton. The equation of state 
of the field is scale dependent and pressureless at galactic and larger scales and it has negative 
pressure as a DE at very large scales. The dilaton drives an initial inflationary phase followed by 
a kinetic energy-dominated one, as in the "quintessential inflation" model introduced by Peebles 
& Vilenkin, and soon after the end of inflation particle production seeds the first inhomogeneities 
that lead to galaxy formation. The dilaton is trapped near the minimum of the potential where it 
oscillates like a massive field, and the excess of kinetic energy is dissipated via the mechanism of 
"gravitational cooling" first introduced by Seidel & Suen. The inhomogeneities therefore behave like 
solitonic oscillations around the minimum of the potential, known as "oscillatons" , that we propose 
account for most DM in galaxies. Those regions where the dilaton does not transform enough kinetic 
energy into reheating or carry an excess of it from regions that have cooled, evolve to the tail of the 
potential as DE, driving the acceleration of the universe. 

PACS numbers: 98.80.-k, 98.80.Bp, 98.80.Cq, 98.80.Ft, 95.35.+d, 98.62.Gq, 04.40.-b, 04.50.+h 



I. INTRODUCTION 

We live in a universe where there is an abundance of 
DM and DE that we do not see or understand. Fortu- 
nately, progress in cosmology has been swift in determin- 
ing parameters quantitatively, and CMB measurements 
give us the most accurate ratios of the cosmic recipe. 
However, qualitatively we have an enormous vacuum. 
This paper proposes a model to close this gap, though far 
from explaining cosmology any better than other models, 
it has the virtue of simplicity. 

The model consists of one scalar field, the dilaton. (f> 
drives an initial inflationary phase, followed by a kinetic 
energy (KE) dominated expansion, in an evolution sim- 
ilar to the "quintessential inflation" model of Peebles & 
Vilenkin [1]. Around the end of inflation (EOI), the tran- 
sition results in gravitational particle production, a phe- 
nomenon first described by Ford [2] and Spokoiny [3] (also 
used in [1]). The dilaton releases gravitational energy to 
produce matter as well as entropy fluctuations. We pro- 
pose that this process is unevenly efficient and it intro- 
duces inhomogeneities. A further and more significant 
source of inhomogeneities is introduced by a feature in 
the potential, which is in the form of a "trough" prior to 
the decaying tail of the potential. The decaying field rolls 
down to the minimum of the "trough" , where it dissipates 
KE in some measure by reheating and more importantly 
by "gravitational cooling" , a process first discovered by 
Seidel & Suen [4] in the context of boson stars. This 
process is key to our model so that the dilaton can get 
rid of enough KE to remain consigned to the "trough" 
of the potential, where it oscillates like a massive fleld. 
Seidel & Suen call this oscillating fleld an "oscillaton" . 
These inhomogeneities account for the DM content, and 



the dilaton here behaves like a soliton, i.e. a massive 
scalar that is confined to a finite region of space, is non- 
singular and non-topological. On the other hand, regions 
where the KE does not dissipate quickly enough either by 
the reheating or "gravitational cooling" move on to the 
tail of the potential and to the DE-dominated era. Here 
(j) behaves as in "extended quintessence" , first discovered 
by Perrotta, Baccigalpi & Matarrese [5] . These models of 
DE with scalar-tensor gravity have been widely studied 
in the literature (see [6-15]). 

In a nutshell then, our proposal is a universe that con- 
sists of baryons and scalar-tensor gravity. It is certainly 
a concession to credibility that both DM and DE are 
caused by cf), for which there exists no laboratory or di- 
rect evidence. There is a case to be made however that 
a universe with fewer parameters and the least number 
of fields is preferred over more complicated models. Re- 
cently a model with one tachyonic field explaining both 
DM and DE was developed by Padmanabhan [16] (also 
[17,18]). Also, there are various motivations for using the 
"extended" model: the non-minimal coupling R(j) of the 
dilaton does arise in the quantization of fields in curved 
spacetime [2,19], and in multidimensional theories [20], 
such as superstrings and induced gravity. 

CMB and LSS observations give us a measurement of 
DM and DE that is roughly in a ratio of 3/7.* We use 



*The first-year WMAP data analysis [21] concludes that 
ntot = 1.02 ± 0.02, DE Qq = 0.73 ± 0.04, matter content 
f7m = 0.27 ± 0.04, of which fib = 0.044 ± 0.004. I.e. 4.4% 
baryons, 22% DM and 73% DE. On the other hand, the DASI 
instrument analysis [22] yields 5% baryons, 35% DM and 60% 
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this not so much to choose a potential but to test its 
plausibihty, bearing in mind that 30% of the energy of 
the dilaton is "trapped" in an "oscillaton" , so it manifests 
itself as DM, and the remaining 70% moves on to the tail 
of the potential to trigger cosmic acceleration as DE. 



II. THEORY 



A. Dilaton potential 

The dilaton has the following potential 



Vifj) > 0) 



+ M8 



where A is determined by observation and M, (f>Q and 
P by the theory. LSS estimates give A « 10'^^ [27]. 
While (j) ^ —Tip the dilaton triggers chaotic inflation 
V ^ A(/>'* [1,27]; for (j) ^ mp, it behaves as quintessence 
[1,5,13,28-33]. The < branch of (1) is identical to the 
"quintessential inflation" model of Peebles & Vilenkin [1], 
and the (f> > branch retains its asymptotic behaviour 
(for /? > 0) t 
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and at intermediate values ^ M, the potential has a 
"trough" with a minimum at (j) = 4'o-^ The value of (3 
determines the depth of the trough (0 < /3 < 1). The 
two extremes are /3 = 1, where we have a "deep trough" 
and (j) = (pQ is an absolute minimum, and {3 = which 
is a "no-trough" potential (there is one saddle point, no 
minima) which tails off ^ 

The ratio = (po/M controls the location of the trough 
and the height of the hill (0<i^<l;ifi'^l the 
potential does not have a trough feature). On the other 
hand 6 has a smoothing effect over both the trough and 
the hill. A "deep trough" is followed by a "high hill" , and 
decreasing (3 results in decreasing both the depth of the 
trough and the height of the hill. In Fig.l we have plotted 
u = 0.64, a case where the height of the hill is ~ AM^. 
The shape of the curve is chiefly sensitive to variations 
of v. For instance, v = 0.60 doubles the height of the 
hill, and u = 0.80 reduces it by 2/3. The top of the hill 
is located at ^ ~ M, and the amplitude is 



DE. We adopt 5% baryons, 25% DM and 70% DE [23-26]. 

+c.f. V{<l> > 0) = XM^/{cj>'' + M*) in [1]. 

*For P — 1; in the case < /? < 1, the minimum is slightly 
shifted to the right. 
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The parameters v and (to a lesser extent) /? have to be 
therefore just right to yield the right ratio of DE to DM. 
If v is just a bit too small (and not aided by a small /3 
to diminish the features), then the dilaton everywhere is 
trapped as an oscillaton in the trough and it manifests 
itself purely as DM. On the other hand, if v is too big 
then the dilaton simply rolls down to end up entirely as 
DE and we obtain no DM (other than that produced by 
gravitational particle production at EOI). Roughly we 
need a deep trough that retains 30% of the energy of the 
field and allows the remainder to progress down the tail 
of the potential to dominate as DE. 

As we shall see in the following sections, the theory 
predicts both M and f. 
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FIG. 1. y(0) for /3 = 0.5,0.7, 1.0. The case /3 = 1.0 is a 

"deep trough" {thick solid line), j3 = 0.5 a "shallow trough" 
(thin solid line), and /3 = 0.7 is an intermediate trough 
{dashed line). Here v = 0.64. 



B. Dynamics 



The dilaton is described by the action 

,2 



m' 1 o 1 
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where nip is the Planck mass, R is the Ricci scalar, ^ is 
the coupling of the field (assumed universally constant), 
and V{(j)) the dilaton potential described in §11. A. The 
equations that derive from (4) have been widely studied 
in the literature [5-15,34 39], and here we will use the 
essentials that are relevant to our study. 
The field equation is 
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-V' = 0, 
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where the prime denotes d/d(p. The Einstein's equations 
are 
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where k = 8ttG and the effective gravitational constant 
Keff = k(1 — (following [34]), or analogously the 

effective Planck mass^ 



(7) 



It is TTip cir that is measured experimentally. At present, 
mp^eS = 4.2 X 10^® GeV. The energy momentum tensor 
is 



H 5^.°(<^') - (</'');m;- 



(8) 



For the spatially homogeneous component of ^, (5) be- 
comes 



where 



i + + 6^{H + 2H'^)<j) + y = 0, 



and 



R = Q{H + 2H'^), 



(9) 

(10) 
(11) 

(12) 
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+AH(j)(l) + 2(;i0 + 2(j) 



(13) 



where we have used Gqo = Hesa^P<i> and = ^TijS^^a ^ 
(see [15]). The conservation of the field T.^ = reduces 
to 



p^ + 3H{p^+p^) = 0, 



(14) 



which is equivalent to (9). The equation of state is given 
by 



^For 5 > there is a potential anomaly mp ,,g ^ in 
the limit \(f>\ — > oo, see Fig. 2. To have a viable cosmol- 
ogy mp,eff 7^ 0, we need -C 0crit = mp/y^ (the small- 
ness of ^ is confirmed by observations, |^| ^ 0(10"^) follow- 
ing [5,7,9,40]); non-ncgligiblc dcparturc;s from rrip will take 
place during the inflationary and DE-dominated phases, when 
(jy^ ^ mi. 



(15) 



which is a scale-dependent quantity in our scenario, once 
inhomogeneities set in. 
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FIG. 2. mp,eff is a slowly-varying monotonically decreasing 
(increasing) function for ^ > (^ < 0). 



III. KE DOMINATION 

The ¥{(() < 0) branch in (1) is identical to that of [1], 
so our solutions at the onset of KE domination can only 
differ in the effect caused by ^ 0. Let us quantify this 
difference. 

Soon after EOI, which is at </) w — mp (the slow-roll 
parameters are e « 8mp0~^ and 77 « 1.5e), most of the 
potential energy is converted into KE leading to a "de- 
flationary" phase, following Spokoiny [3] (also named as 
"kination" by Joyce [41]). During this phase Prf, ~ 0^/2. 
Therefore the solution oc a" fully determines the energy 
density. It is 



n = -3 



1 + 2^^ 
'1 + 3^^ 



(16) 



where 



= 2(6^ + Vsee - 12^ + 2)/(l - 60 (17) 



for ^ ^ 1/6, and ^^(1/6) 
solution is 



-1. For ^ < 1/2 V2, the 



-3 + 6\/2^. 



(18) 



Therefore 



« Xmla{a/a,f", (19) 
where a* is the expansion factor at EOI and 

a = (l-30(l-6^-12CV-')-'- (20) 
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For small ^, 

« Am^(l + 7.240(a/a.)-6+i6-97«, (21) 

= recovers the result of [1] « Amp(a/a*)~^). Also 




and the expansion factor a <^ t The potential during 
this period varies as 
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FIG. 3. The solution (16) (17) is slowly varying and cor- 
rectly reproduces the result n(0) = —3. 

For realistic values of ^ derived from observational con- 
straints on \G/G\ (as used in [5,7,9,40] and references 
therein), |^| ^ 1.0 — 2.2 x 10~^, this has a fairly small 
impact in n(^) as one can sec from Fig. 3. For ^ of a few 
percent, this places n in the range — 3.2^n^— 2.8. Re- 
alistically the most significant change results in n w —2.7, 
therefore ^ a^"'' '*, which is not a very dramatic differ- 
ence with respect to ~ a^^ and even this entails push- 
ing the constraints on ^ to about 4.2 x 10~^ (within the 
bounds of [5,7,9,40], the solution lies between the curves 
{a^/a)^-^ ^ p^/Xnip ~ (a*/a)^-^). Therefore the energy 
density of the field during this stage decreases faster than 
that of radiation, and this point, made by Ford, Spokoiny 
and Peebles & Vilenkin [2,3,1], stands here too. 

A more marginal point is that the amplitude of is 
only mildly dependent on ^ (it varies up to 0.8 — 1.3 times 
its ^ = value), and (22) can vary up to about 20% with 
respect to ^ = 0. 

The pressure of the dilaton is 

« Am^7(a/a*)'", (24) 

where 

7=(l-40-2V(2 + n)C-V'(^+n)e (25) 



Therefore (15) becomes 

a;^=7Q!~^ (26) 

These results are shown in Fig. 4. Both a and 7 are 
of order unity for realistic values of ^, as is ui^ (e.g. 
a;0(O.O3) « 1.25). 
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FIG. 4. ui^ as a function of ^ {thick solid line), a (thin 
solid line) and 7 (dashed line) are the coefficients of the field 
energy density and pressure respectively. The departure from 
unity (at ^ = 0) for all three functions is slight for realistic 
values of ^. 



IV. PARTICLE PRODUCTION 

As pointed out by Ford [2] , there is particle production 
owing to the transition of the metric at EOI. The relevant 
QFT to calculate the pm created can be found in [2,19]. 
It has been worked out by Ford, Spokoiny and Peebles 
& Vilenkin [1-3], that gravitational particle production 
is capable of reheating the universe after inflation and 
being the dominant source of matter. 

In our scenario, we do not require the mechanism to 
create all matter, as most of it is in the form of the oscil- 
laton. We propose that particle production is inhomoge- 
neously efficient, and the inhomogeneities are caused by 
a stochastic parameter t]> 0. For ?y = no particles are 
produced, and for = 1 the energy density of the cre- 
ated particles is given as in [1-3]. We also allow for the 
possibility 77 > 1. Following Ford [2] and others [1,46,47], 

p^^X'mlva'R^^y, (27) 

for the created particles and R ^ 10^^. We consider 
the number of scalars Ns = 1 and arbitrary (though 
small) ^. The energy of the created particles is as in 
Spokoiny [3] e ~ if* (a* /a) ~ 10^^ GeV, their number 
density n ~ Re^, and thermal equilibrium is achieved at 
about 
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( ^) - 10^, 



(28) 



(34) 



at a temperature 

rth~p^/"(ath)~ (lO^-lO^")??'/" GcV. (29) 

The exact local amplitude of rj is not important, but we 
consider two types of regions, where rj takes the values i]- 
and (small and large), and the scale of those regions is 
D. In the £>+ regions there is enough particle production 
to trigger further reheating, and finally most of the KE 
is expelled by means of "gravitational cooling" , as we 
will describe in §VII. The dilaton in these regions is then 
trapped in the trough, oscillating around (f) <po. The 
D_ regions do not dissipate enough KE and they progress 
to the tail of the potential until they finally become DE- 
dominated. 



A. Radiation era 

The onset of the radiation era is given by pm ~ P4,, 
and given the inhomogeneities created by rj, this varies 
spatially (leaving also the possibility open for skipping 
the radiation era altogether in sufiiciently large regions 
where 77 w 0). The ratio of the energy density of the 
created particles and that of the dilaton is 

e^^XR,(^y''\ (30) 

(the result of [1] is recovered 4 + 2n(0) = —2, 77 = 1). 
Therefore 

^ ~ (Aiir;) 1/(4+2") ~ 10^-1/2^ (31) 

and a temperature Tr ^ lO^^rj^^^ GcV. We require that 
Ur precedes the DE-dominated phase (if radiation domi- 
nation is to take place at all), and we will examine this 
condition in the next section. 



V. DE DOMINATION 

The potential becomes dominant at a scale factor 

at which point £>_ regions enter a period of accelerated 

expansion. As was shown by [1], the value of the field 
during this phase remains roughly constant, and it is ap- 
proximately the value (pr at the time a w a^. This is 

and at present 



Therefore, 

M ~ 1.88 X 104-^5/3-i/8(- In lO'^'^rjy^^ GeV, (35) 

i.e. M ~ 10^ GeV (which is insensitive in order of 
magnitude to the parameters 10~^ ^ 77 ~ 1.0 and 
0.5^ (3^ 1.0). This result is similar to that of [1]. We 
have used v ~ 0.64 and the present time Hubble constant 
Hq « 1.68 X lO-''^ GeV. 

Also, for this order of magnitude of M we obtain 

^ ~ lO^s. (36) 
a* 

Therefore, the condition > Ur results in 77 ^ 10~^. In 
regions where the particle creation is below this thresh- 
old there is not enough matter to sustain a radiation- 
dominated phase, and the dilaton moves on from a KE- 
dominated era straight into a DE-dominated one. 

A. Bounds on ^ 
The value of the dilaton in the D_ regions at present 

is 

(pr « (5.0 - 6.0) X 10^^ GeV, (37) 

and from (7) we sec this can pose a problem for the order 
of magnitude of ^. We have (pr/rrip ~ 15, so in order to 
avoid having a catastrophic rUp^eS ^ 0, we must have 
^ ^ 1.7 X 10-3, which is one order of magnitude below 
the observational estimates we have cited. No such bound 
exists for ^ < 0. 




i . . . . . . . . . . . . . . . . . . . ^ 

-1.0 -0.5 0.0 0.5 1.0 

FIG. 5. Ratio of Geft in accelerating regions with respect 
to G measured in the trough. ^ > opens up the possibility 
of a value of Gee several times greater than that measured 
locally. For ^ < this ratio is about half. 
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One unusual feature of D- regions is that mp.off (and 
therefore Gcff) differs with respect to previous cosmic 



eras, where mp^off 



throughout. The value of nip^cS 



in D- regions today differs from the value measured in 
galaxies regions). Therefore, from the value of the 
Planck mass measured locally we can derive Wp^off in re- 
gions that are presently accelerating. For ^ = 1.0 x 10~^ 
(-1.0 X 10-3) this results in mp,eff « 2.39 x 10^^ GeV 
(5.44 X lO^s GeV), or equivalently G^s/G w 3.07(0.60). 



VI. DILATON MASS 



The mass of the oscillating dilaton is 



(38) 



which contributes, together with the of the particles 
produced after EOI, to the DM content. In our case. 



or equivalently 



(39) 



(40) 



Therefore, considering < < 1, the lightest dilaton 
that we can have is « 20 MeV (hence a WDM-like 
behaviour with ^ 1 kcV is out of the question), and 
heavier masses are obtained for v < 1, as shown in Fig. 6. 
The limit i/ — > is catastrophic in that Vhm — > oo and 
m,^ oo. 

Cho & Keum [42] have investigated the bounds on the 
dilaton mass if it is to fulfill the role of dominant source of 
DM in the universe. They conclude that there are two rel- 
evant mass ranges, m^^ w 0.5 keV and m^^ « 270 MeV. 
The underlying argument is that if m > m^^; then the 
dilaton does not survive long enough to dominate DM, 
and on the other hand if m < m^^ , it does survive long 
enough but it is not heavy enough to dominate DM. They 
also find that the dilaton of mass has a free stream- 
ing distance ^ 7.4 pc and is as a consequence a good 
candidate for CDM. 

In our model, if we wish the dilaton in the trough to 
behave like CDM within the parameters of [42], this en- 
tails 1/ « 7.4 X 10"^. In this case the height of the hill 
is 14iu ~ 3.0 X 10^" GeV^, and relative to the energy 
density of the dilaton 



P<t> 



10 



-51 



(41) 



so the barrier of the potential is extremely low for the 
KE of the field, and hence the model can only succeed if 
there is abundant KE loss for the dilaton to be trapped 
in the trough. 

If we adopt Cho & Keum's m^^ as an upper limit 
for the dilaton, then the allowed range in our model 



is —1.70 ^ log(?77,^/GcV) ^ —0.57. One can consider 
a dilaton at the lower end of this interval, for instance 
V K, 0.64 (just below unity to have enough of a trough, as 
discussed in §11), i.e. « 31 MeV, with a free stream- 
ing distance ~ 65 pc. This facilitates erasing small-scale 
structure by an order of magnitude over and above CDM. 
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FIG. 6. Dilaton mass in £>+ regions or "solitonic hales" 
given by (40) {solid line). Upper bound (dotted line) corre- 
sponds to Cho & Keum's = 270 MeV. 



VII. GRAVITATIONAL COOLING 

As first observed by Scidcl & Scun [4] , a scalar field per- 
turbation can dissipate KE efhciently by "gravitational 
cooling". Seidel & Seun tackled the problem of scalar 
field perturbations collapsing into boson stars to explain 
DM. Without a cooling mechanism, the perturbation re- 
mains a very diffuse virialised cloud. They proposed that 
in a process similar to the violent relaxation of stellar sys- 
tems (see e.g. Spergel & Hernquist [43]), the perturba- 
tion ejects part of the scalar field, carrying the excess KE, 
and then forms a star by means of its own self-gravity. 

In our scenario the dilaton rolls down the trough of 
the potential soon after EOI, and due to the steepness 
of the potential, it gains too much KE to remain there. 
There is some KE loss due to reheating but this is not 
enough to confine it to the trough. Gravitational cool- 
ing removes the KE excess from random regions passing 
it on to adjacent ones. It is not unreasonable to expect 
that the inhomogeneities caused by r] during particle pro- 
duction enhance the gravitational collapse of the dilaton 
and therefore gravitational cooling in regions were rj is 
greater is favoured. These (which we have called re- 
gions) then become "oscillatons" , which are in essence 
extended halos where galaxies may form. This type of 
solution has been studied by Seidel & Suen [44] and also 
Urena-Lopez [45]), adopting spherical symmetry, 

oo 

</•(*. r) = Yl Mr) cos [(2n + l)uQt] , (42) 

n=0 
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where can be compiited numerically given boundary 
conditions of continuity and non-singular behaviour. 

The regions adjacent to the oscillaton carry the excess 
of KE and soon move out of the trough. Owing to the 
large transfer of KE, these £>_ regions have a larger 
than that given by (19), under the simplified assumption 
of the homogeneous background evolution. 



solutions the condition to emulate flat rotation curves 
of galaxies, following for instance the method of Matos, 
Guzman & Niinez [48]. We hope to report on a study 
along these lines in the near future. 

VIII. JEANS LENGTH 



A. Domain formation 

For the parameters we have considered, ~ 10^ GeV 
and (j)r ~ 10^^ GeV, so there is a difference of fourteen 
orders of magnitude in (f) between D_ and D+ regions. 
These regions are separated by domain walls where the 
field is near-stationary at various intermediate locations. 
In the domains « and 



2V{cj)) « 



(43) 



is the (periodic) energy density of the oscillaton. In the 
D- domains, and are dominated by the potential 
and KE is only residual, as described in the next section. 



0r 
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The dilaton in the D+ regions is homogeneous with 
small perturbations in a time-dependent background. 
Following the work of Khlopov, Malomed & Zel'dovich 
[49], the gravitational instability of such a configuration 
(the oscillaton) is similar to the Jeans instability of dust- 
like non-relativistic matter. 

The field equation (5) becomes 

U4> + 6^{H + 2H'^)(j) + Xv-'^{<j)'^ - (f)l)(j) = 0. (44) 
In the Newtonian approximation. 



(j)-A(l)- ml(l + 2ip)(t> + \v-'^<f = 0, 



(45) 



where the gravitational potential f is caused by the per- 
turbations and it satisfies Poisson's equation 



= 47rG Too(</>) - Too((0)) 



(46) 



Assuming a background solution (0) = (j)Q cos u)t, we have 
from (45) 



a;2 = hXv-'^M'^. 
We consider the perturbed solution 

(f) = 4>{t, Xi) cosfwt + T(i, a;,)], 

where 

4> = 4>Q + 4>i exp(f2<; + ikjX-'), 



(47) 
(48) 

(49) 



FIG. 7. D+ (bottom) and D- (top) domains in one spa- 
tial dimension. D_ domains undergo accelerated expansion 
whereas D+ domains follow a powerlaw expansion. 

Fig. 6 shows qualitatively two _D+ domains immersed 
in a DE-dominated background. The dilaton at the min- 
ima oscillates around (/>o, behaving as a dust-like non- 
relativistic matter fluctuation and the (local) expansion 
factor in these domains is a ^ t^/^. By contrast, D- 
regions undergo accelerated expansion as in a DE-driven 
universe. This suggests that most physical space is oc- 
cupied by £>_ regions, however few of these there are, 
even if DE-domination started in the very recent past. 
The field equation (5) contains strong spatial gradients 
for the domain walls and certain assumptions need to be 
made about the symmetries (form of the metric) and the 
DM distibution in the domain in order to compute solu- 
tions. One such assumption can be to impose upon the 



T = Ti exp(nf -|- ikjX^), 



(50) 



(51) 



Substituting (48)- (51) in (45) (46), we obtain after a bit 
of algebra the dispersion relation 



+4uj^n^ - 3207rGA^i/-2M^ = 0, (52) 
and therefore the Jeans wave-number becomes 

1607rAM4. (53) 



In Fig. 8 we show the Jeans length Xj for the range of 
dilaton masses considered in §VI, i.e. 20 MeV ^ ^ 
270 MeV. The Jeans length for these masses falls within 
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the range 0.24 cm ^ Aj ^ 268 cm. Wc plot Aj along with 



a~ 10 



,25 



(58) 



the Compton length Ac 



and it is apparent the 



latter is smaller by 12-14 orders of magnitude. Clearly, 
such a small Aj leaves the dilaton in no difficulty to form 
stable solitonic halos that constitute the bulk of DM in 
galaxies. 
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IX. RESIDUAL KE 

So far we have considered that lu^ evolves from 1 in 
the KE-dominated era, to —1 during DE domination. 
The transition entails an ever-diminishing KE, until it 
becomes negligible at (j) k, (f)^. However, observationally 
{uj^) = -0.65 ±0.07 (e.g. by recent CMB data [21,22]), 
and in order to reproduce this a residual KE must exist 
at present. 

We consider the large-scale averaged quantities 



{P<t>) 



12 



1 



V{cj>r), 



(54) 



(55) 



where cr is a large number (reflecting the KE transfer 
from £)+ regions to £*_), and V{4>r) » cr((/)^/2). A fur- 
ther contribution to the residual KE comes from the ^ 
terms on the RHS of (12) (13). Therefore 



V{cl>r) (1 + (g;^)) 
(<^V2) (l-('^^))' 



and from (19) 



today 



For the sake of the example we take (w^) 



(56) 
(57) 

-0.65, hence 



This is a very large factor that lends support to the hy- 
pothesis that in fact most regions of the universe are 
and their KE is passed on to very few £>_ regions. 
If we consider that in the neighbourhood of the trough 
Pral P(t> ^ Ij Emd regions transfer all KE to £)_, then 
(within the coarse approximation of the background evo- 
lution equations) we have one £>_ per 10^^ oscillatons. 



X. CONCLUSIONS 

We have studied a cosmological model of an inho- 
mogenous dilaton where DM and DE originate from the 
same source. The simplicity of the model is attractive 
mainly in two respects: firstly, the dilaton, a physically- 
motivated scalar field, triggers the inflationary process 
without the assistance of additional scalar fields; sec- 
ondly, it is not surprising that the energy density of DM 
and DE are of the same order of magnitude as they are 
caused by the same field. There is good reason then to 
believe that there are fewer grounds to assert there is a 
so-called "coincidence problem" . 

The model predicts that there is little or no DM outside 
the £>+ regions, other than produced at the beginning 
of the KE-dominated era. If individual galaxies are to be 
identified with regions, and the space between them 
is D- , then one does not expect to find large amounts of 
DM in the intergalactic medium. Having said that, there 
is no reason to expect that each and every soliton ulti- 
mately produces a galaxy, and therefore dark £>+ regions 
may also be present in the intergalactic medium, which 
are technically detectable by lensing experiments. 

To construct the model we have used a potential with 
a "trough" feature, inspired by previous models that 
result in a DE-dominated universe, in particular the 
"quintessential inflation" model by Peebles & Vilenkin 
[1] . The trough feature is crucial to give way to solitonic 
solutions, as is the process of gravitational cooling, pro- 
posed by Seidel & Suen [4]. Once again, like with most 
cosmological models, the reliance on the features of the 
potential to produce the desirable solutions makes it the 
"weakest link", in that its acceptance is inescapably ad 
hoc. It would be more desirable to derive V from funda- 
mental arguments. 

The inhomogencous dilaton opens up the possibility of 
large variations of G in D_ regions. Accurate predictions 
are ^-dependent, though in this paper we have looked into 
the possibility that whereas G has changed little within 
regions, it can be several times greater (smaller) 
in the intergalactic medium (Z)_ regions) if ^ is posi- 
tive(negative). This is provided we accept the identifica- 
tion of D+ regions with galaxies, which we must stress 
is not an imperative of the model, though an interesting 
possibility. 
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